A field study was conducted for two successive winter seasons; 2013/14 and 2014/15, 
Introduction
Wheat (Triticum aestivum L.) is mainly grown in the Sudan under irrigation, during winter months; its cultivation has recently expanded into latitudes lower than 15° N (Ageeb et al. 1996, Almeu and Hazem 2011) . Demand for wheat in the past was not very high because the nutritional habit of the majority of the Sudanese people was based mainly on sorghum. At present, wheat consumption has increased and the government is attempting to attain self-sufficiency in this commodity. In order to fulfill this objective, it is necessary to increase the cultivated area and obtain maximum output from each unit volume of water consumed.
Increasing wheat productivity is a national target in Sudan to fill the gap between wheat consumption and production. However, lack of yield stability over seasons and locations has remained a great challenge to both research and production management (Babiker and Faki 1994) . Wheat production under semiarid conditions of Sudan is now a success. Grain yield of over five ton/ha were obtained with high irrigation, either from river flows or lifted from the River Nile and wells using diesel pumps (Farah et al. 1994) .
New Hamdab Scheme (Northern State of Sudan) faces problems of mud accumulation in all irrigation canals. Enormous amounts of sediments are being removed during cleaning of these canals. Disposal of this sediment is a real problem. Sediments accumulated in irrigated canals contain high quantities of clay and might be a useful as a soil conditioner (Mubarak et al. 2014) .
There is more interest in utilizing soils of low or marginal productivity (e.g., sandy soils) for crop production to match the demand for agricultural products (Tester 1990) . The major constraints of these soils are their water retention, high water transmission and low nutrient content. The nutrients-poor sandy soils could be productive if their content of organic matter can be increased. The maintenance of proper soil organic matter levels to sustain soil productivity is important and humic acid probably being the largest single soil organic matter that may cope up with the objective.
In many of the arid and semi-arid regions in the world (including Sudan) water is likely to become the most critical resource and the most limiting factor of the production of food (Elquosy 1998). Also, Ageeb (1994) stated that, irrigation water and irrigation practices are factors which have always limited wheat productivity. Detection of crop water stress is critical for efficient irrigation water management, especially in the semi-arid regions. On the other hand, irrigation water is becoming increasingly scares; this highlights the importance of the effective and efficient use of this resource. In truly arid regions; such as the Northern State (Sudan), all water of crops must be met with irrigation. In these areas, all phases of crop production are adjusted for irrigation. Regardless of the method used to deliver water, irrigation must supply moisture to that part of the soil from which roots absorb it. The timing and amount of irrigation should be regulated to assure optimum crop yield.
Recent years have witnessed a great intensification of land and water use in an effort to increase agricultural production in many parts of the world. This involved application of modern techniques leading to an increased farming efficiency. Therefore, an experimental study was conducted at El Multaga area, Northern State (Sudan) under high terrace soils to evaluate the interaction effect of application of irrigation canal sediments, humate fertilizer and irrigation interval to improve wheat productivity in the area.
Materials and Methods

Description of the Experimental Site
Field experiments were carried out during two consecutive winter seasons (2013/14 and 2014/15) at the National Institute of Desert Studies Research Farm (University of Gezira), New Hamdab Scheme, Northern State of Sudan which lies at latitude 17°55' N and longitude 31°10' E. The climatic zone of the area is described as desert, which is characterized by high temperature in summer, low temperature in winter and low rainfall (Habiballa and Ali 2010) . The soil of the experimental site belongs to El Multaga soil series, texture of the control section is fine loamy, its structure is strong wide columnar flat breaks into medium and fine subangular blocky. It is classified as Vertic Haplocambids, fine loamy, mixed, hyperthermic. Generally, the soil chemical fertility is low (Land and Water Research Centre 1999) .
Experimental Design and Treatments
Three treatments were arranged in a split-split-plot design that completely randomized within four replicates. The experimental area for each replicate was divided into three blocks, each block was divided into two strip plots and each was further divided into three subplots. Three meters wide areas were left between blocks as buffer zones. The area of each sub-sub plot (experimental unit) was 42 m 2 (6 × 7 m). The experimental units were two meter apart from each other, with a total number of 18 experimental units. The main plots were assigned to irrigation interval with two levels, the sub-plots were assigned to irrigation canal sediments application with three rates and sub-sub plots were assigned to humate fertilizer application with three rates. This setup was replicated four times. The experimental procedures were the same for both seasons. The applied treatments and their abbreviations are illustrated in Table 1 . The experiment was part of research study to investigate the effects of applied treatments and their interactions on wheat performance and soil physical and chemical properties in the area. 
Cultural Practices
The land after the site had been selected and before the application of the treatments, was freed from weeds and crop residues. The soil amendment materials; irrigation canal sediments, and humate fertilizer were spread at rates mentioned before, incorporated with the soil. Land preparation was done with tractor-mounted disc plough to ensure satisfactory seedbed. Also, site of study area was levelled to facilitate irrigation and ensure uniform soil moisture content distribution.
Wheat variety Wadi Elneel was used in this study. Sowing was done manually by digging on 20 th of November (winter season) for both agricultural seasons, with seed rate of 120 kg/ha, at 0.2 m inter-row spacing. Nitrogen and Phosphorus were added as recommended by Agricultural Research Corporation (Sudan). Harvest started when signs of maturity of wheat crop were observed. The crop was harvested on 21 st of March for both seasons. The irrigation was carried out every 10 and 15 days intervals; the ten days was considered the conventional practice, whereas the fifteen days was considered mild stress. According to Erneo (2007) who concluded that, wheat water requirements per season was 635 mm, therefore, irrigation was applied with rate of 5.9 mm/day. Irrigation water was measured at the plot level by Parshall flume with its calibration curve. Water delivered to plots with constant water head. The source of water supply for farm irrigation system was River Nile.
Collection of Data
Plant samples were collected randomly from each experimental unit (sub-sub plot) and then growth and yield parameters were determined.
Number of Plant/m 2 Number of plants/m 2 were counted for each season at 10 days after sowing in three different positions in each sub-sub plot using a steel frame of one meter square. Then the mean number of plant/m2 with respect to each treatment was calculated.
Plant Height
Ten whole plant samples were selected randomly from each sub-sub plot at maturity stage, each season. Plant height as expressed in cm was measured from the tip of the spike to the soil surface, and then the mean was calculated.
Number of Spike/m 2 Using steel frame of one meter square, the number of spikes/m 2 was calculated at harvest time for each sub-sub plot as an average number of three readings.
Number of Tillers/m 2 Number of tillers/m 2 was obtained by subtracting the number of plants/m 2 at 10 days after sowing from the number of spikes/m 2 at harvest time, each season.
Spike Length
Ten spikes samples were selected randomly from each sub-sub plot at maturity stage and the spike length (cm) was measured, and then the mean spike length was obtained for each treatment.
Number of Seeds/Spike
Samples of ten spikes were selected randomly from each sub-sub plot at maturity stage and seeds per spike were counted, and then the mean number of seeds/spike was obtained.
-Seeds Weight
A number of thousand seeds were picked randomly from seeds of each subsub plot. The seeds were weighed with a sensitive balance, and mean 1000-seeds weight (g) was obtained for each treatment.
Biological Yield per Unit Area
Plants of the net area of one meter square (using steel frame of one meter square) were cut at the soil surface at harvest time in three different positions in each sub-sub plot, tied in bundles and left to dry by air. After drying, the harvested plants were weighted to obtain the biological yield (kg/ha) (dry matters plus grains).
Grain Yield per Unit Area
The biological yield samples were manually threshed and the grain yield as expressed in kg/ha was obtained.
Straw Yield per Unit Area
Also, straw yield (kg/ha) was determined as mentioned by Imran (2010):
Straw yield (kg/ha) = Biological yield (kg/ha) -Grain yield (kg/ha)
Harvest Index
Harvest index (%) was obtained using the following formula (Imran 2010):
Statistical Analysis and Interpretation of Data
Statistical analysis was carried out using a computer software package (MSTAT). Significance of differences among the various characters under study was compared using Duncan's Multiple Range Test (DMRT). Results were presented in tabular forms. Table 2 shows the mean values of number of plant/m 2 and plant height of wheat crop as affected by treatments interactions for both seasons. The results of the statistical analysis indicated that the interaction of irrigation interval, irrigation canal sediments and humate fertilizer had significant effects (P ≤ 0.05) on number of plants/m 2 when checked early in both seasons. Since the number of plant/m 2 was counted at 10 days after sowing and at that time all experimental units had the same irrigation, therefore, the significant effect of the interaction of the applied treatments on number of plants/m 2 might be due to irrigation canal sediments and humate fertilizer. Also, the effect of interaction of irrigation interval, irrigation canal sediments and humate fertilizer on plant height at maturity stage was checked in both seasons. There were significant effects (P ≤ 0.05) due to the interaction of these three factors on plant height in both seasons. Table 3 summarizes the mean effect of irrigation interval, irrigation canal sediments and humate fertilizer on wheat yield components parameters on both seasons. The results indicated that the interaction of these three factors had significant effects (P ≤ 0.05) on number of spike/m 2 , number of seeds/spike and 1000-seeds weight in both seasons. The analysis of variances for both seasons evident that the number of tillers/m 2 was highly significantly affected (P ≤ 0.01) by the interaction of the studied treatments. However, treatments interaction were failed to show any significant differences (P ≤ 0.05) on spike length in the two seasons.
Results and Discussion
The mean values of wheat yield parameters as affected by the interactions of the applied treatments for both seasons are shown in Table 4 . It was found that the interaction of the tested treatments showed very highly significant differences (P ≤ 0.001) on biological yield in both seasons. Biological yield is a combined contribution of yield components such as number of tillers/m 2 , plant height, number of seeds/spike and 1000-seeds weight. The biological yield is significantly charged by any change in these components. It was found that the interaction of irrigation interval, irrigation canal sediments and humate fertilizer had significant effects (P ≤ 0.05) on grain yield and straw yield of wheat in both seasons. But, harvest index had highly significant differences (P ≤ 0.01) due to interaction effects of applied treatments in both seasons.
The results clarified that the application of 60 ton/ha of irrigation canal sediments and addition of 4 kg/fed humate fertilizer when wheat was irrigated every ten days recorded the highest means values; compare to the controlled treatment and other treatments combinations, of all examined wheat growth and yield attributes in both seasons, except for number of plant/m 2 and straw yield which failed to show clearly the best combination of these three factors. Generally, the results showed highest values of the examined parameters of wheat crop in the second season than that of the first season. This could be attributed to the variations in climatic conditions between the two seasons, i.e. the second season was characterized by lower temperature in December and January and higher relative humidity percentage in all months compared to the first season, and the first season was characterized by higher temperature in February and March compared to the second season. High temperature is a major environmental constraint that limits wheat production in the Sudan (Ageeb 1994) . Table 5 shows the mean temperature and relative humidity during growing seasons of wheat in both agricultural seasons as recorded by National Institute of Desert Studies Meteorological Station. Figures 1 and 2 illustrate the appearance of wheat crop under the controlled treatments (I 1 ×S 1 ×H 1 ) and the best combination of treatments interactions (I 1 ×S 3 ×H 3 ), respectively. It clear that the growth and appearance of wheat crop grown under treatments interactions I 1 ×S 3 ×H 3 was more better than under the controlled treatments (I 1 ×S 1 ×H 1 ).
Since the sand loamy soil of the study area have weakly developed profiles and a loose consistency, so the use of irrigation canal sediments as soil an amendment by incorporation with the soil this could be a good source for soil reclamation for its availability and low cost. It was clarified that application of irrigation canal sediments improved wheat productivity. Mubarak et al. (2015) concluded that, short-term application of irrigation canal sediments could be useful practice in amelioration of poor quality desert soils (Aridisols) through improving physical and chemical properties. The desert plain soils of the Northern State of Sudan are characterized by high amount of sand and low chemical soil fertility and mostly are deficient in Nitrogen, Phosphorus and Organic Carbon for optimum yield production of different cultivated crops (Land and Water Research Centre 1999) . Humate fertilizer, as humic acid in its solid state, is a good healthy and cheap solution for the poor and infertile soil of the study area. The results of this study showed that the application of humic acid improved growth and yield of wheat. As mentioned by Rasool et al. (2015) and Dudley (2018) , humic acid is very economical product which increased the fertility status of soil; especially in light and sandy soils which typically are poor in humans, thus, provide conditions which are favourable to plant growth and ultimately increase yield of crop. Also, the results is in agreement with that of Shahryari et al. (2009) who stated that, humic substance is a beneficial natural substance for increasing the quality and the quantity of wheat. In the same manner, Babar Iqbal et al. (2016) concluded that wheat yield increased by increasing the application of humic acid. According to Petti (2004) , plants grown on soils which contain adequate humin, humic acids, and fulvic acids are less subject to stress, are healthier, produce higher yields; and the nutritional quality of harvested foods and feeds are superior.
Irrigation is an expensive input, therefore, farmer, agronomist, economist and engineer need to know the response of growth and yield of wheat to irrigation. Several investigations from different parts of the world reported that growth and yield attributes of wheat; plant height, number of tillers/m 2 , number of spike/m 2 , spike length, number of seeds/spike, 1000-seeds weight, biological yield, grain yield, straw yield and harvest index, increased with more frequent irrigation and decrease with less frequent irrigation (Hussain et al. 2004 , Zeidan et al. 2009 , Akram 2011 , El Hwary and Yagoub 2011 , Seleiman et al. 2011 , Ali and Ahmed 2012 , Ngwako and Mashiqa 2013 , Rahman 2014 , Shrief and Abdel-Mohsen 2015 .
Conclusions
The results obtained shown that wheat production in soil of low or marginal productivity (Aridisols) could be increased by maintenance of this soil to increase the cultivated area. In high terrace soils, as in the Northern State of Sudan, the application of sediments accumulated in irrigated canals might be a useful way to increase the wheat productivity and disposal of this sediment. Also, wheat production in poor quality desert soils could be increased by increasing the application of humate fertilizer. Furthermore, the effective and efficient use of irrigation water (less frequent irrigation) could increase the growth and yield attributes of wheat. As far as irrigation canal sediments and humate fertilizer applications and irrigation interval combination is concerned, it can be concluded that the higher values of the most growth and yield attributes of winter wheat cultivated in El Multaga soil series (Northern State of Sudan) were obtained under application of 60 ton/ha irrigation canal sediments, 4 kg/fed humate fertilizer and 10 days irrigation interval. 
